Introduction {#S0001}
============

Poliomyelitis (hereinafter referred to as polio) is a type of intestinal infectious disease caused by poliovirus (hereinafter referred to as PV). PVs are subdivided in three serotypes: poliovirus type1, 2 and 3 (hereinafter referred to as PV1, 2, 3). Since the global polio eradication initiative was launched in 1988, the number of polio cases has declined rapidly from over 350,000 cases in 1988 to 73 in 2015 and the list of polio endemic countries now includes only Pakistan and Afghanistan. Of the three types of wild PVs, the last case of type 2 was reported in 1999 and its eradication was declared in September 2015 and the most recent case of type 3 dates to November 2012.^[1](#CIT0001)^ Besides wild poliovirus (hereinafter referred to as WPV), the attenuated viruses in live OPV (Oral polio vaccine), which had been incorporated in EPI in most countries, may become vaccine-derived PV (hereinafter referred to as VDPV) that can cause paralytic poliomyelitis.^[2](#CIT0002),[3](#CIT0003),[4](#CIT0004)^ During 2011--2015, 230 VDPVs were reported worldwide.^[1](#CIT0001)^ To eradicate polio, WHO proposed the Polio Eradication and Endgame Strategic Plan 2013--2018.^[5](#CIT0005)^ In light of this plan, as eradication wild PV2, certified in 2015, trivalent OPV was substituted by bivalent OPV synchronously globally on May 1^st^ 2016 and at least 1 dose of IPV (Inactivated polio vaccine) was introduced.

Since the surveillance of infectious diseases began in 1956, there has been a high rate of polio incidence in Guangdong province, with the highest morbidity of 11.76/100,000 in 1963. Oral attenuated polio vaccine (hereinafter referred to as OPV) was first used in the 1960s and was included into the expanded immunization program (EPI) in 1978. Along with the gradual improvement of the cold chain system in the 1980s, the vaccination coverage for polio increased significantly and the morbidity rate dropped rapidly, resulting in an annual polio morbidity of only 0.17-0.43/100,000 in 1989--1993. To eliminate polio, intensified large-scale supplementary immunization activities were carried out in the 1990s. No polio case has been reported in Guangdong since 1994 and China was certified polio free by the World Health Organization in 2000.^[6](#CIT0006)^

China is close to Pakistan and Afghanistan where polio is still endemic and Guangdong province has frequent economic cooperation with foreign countries. Although no WPV case was reported for 22 years in Guangdong, its population is still at risk of infection from imported WPV or vaccine-derived PV, as reported in Africa,^[7](#CIT0007)^ Europe,^[8](#CIT0008),[9](#CIT0009)^ Xinjiang Uygur Autonomous Region in China^[10](#CIT0010)^ and Amish community in USA.^[11](#CIT0011)^ Therefore, a polio NA seroprevalence survey is considered necessary to identify population-categories at risk of infection of polio, including WPV and VDPV, allowing for targeting of susceptible area.

The oral attenuated poliovirus live vaccine (OPV) was the only EPI vaccine in Guangdong before the polio vaccine switch. Its schedule includes vaccine at 2, 3, 4 months and 4 years old. Inactivated polio vaccine (IPV) was first introduced in 2009 as as a type 2 (parent-pay) vaccine. In 2010--2014, vaccinated doses of IPV accounted for only 7.1% of all polio vaccine doses in Guangdong. In 2015, three cities incorporated a single dose of IPV into the EPI and since May 1^st^ 2016, the whole province adopted an IPV-bOPV-bOPV-bOPV series in its EPI. NA seroprevalence of 2014 can be compared with that after the switch, providing a basis of efficacy comparison between different polio immunization schedules. Therefore, we carried out this cross-sectional hospital-based study to evaluate the NA seroprevalence to PV among broad age groups in Guangdong province of China in 2014.

Results {#S0002}
=======

Characteristics of the study population {#S0002-S2001}
---------------------------------------

A total of 6394 people were enrolled and stratified into four age groups(0 year, 1 -- 9 years, 10--39 years, 40 years above) and four regional groups (Pearl River delta region, east of Guangdong, west of Guangdong and north of Guangdong). Among the recruited individuals, 3392 were male and 3002 were female, with a sex ratio of 1.13:1.

Distribution of PV antibody levels by age {#S0002-S2002}
-----------------------------------------

The NA positive rates for PV1, PV2 and PV3 were 95.2%, 94.9% and 88.7% respectively. 84.5% of subjects were NA positive for all 3 serotypes and 1.1% were all NA negative. There were significant differences in the positive rates of the 3 serotypes (*p* \< 0.01), among which there were significant differences between the positive rates of PV1 and PV3, as well as PV2 and PV3 antibodies (*p* \< 0.01). GMT for PV1, PV2 and PV3 were 82.9, 55.8, 26.3 respectively. The GMT differences between PV1 and PV2, PV1 and PV3, PV2 and PV3 were statistically significant (*p* \< 0. 01).

The positive rates of NA for PV1, PV2 and PV3 were 93.2%-97.3%, 92.9%-97.2% 82.5%-93.2% in all age groups. There were significant differences in the positive rates of NA in different age groups (*p* \< 0.01). The positive rate for PV1, PV2 and PV3 in the 1--9 years age group were higher than other three groups (*p* \< 0. 01). The differences in positive rate for PV3 between the four age groups were statistically significant (*p* \< 0. 05), among which the 1--9 years age group was the highest. GMT for PV1, PV2 and PV3 of the 0 years group and 1--9 years age group were higher than the 10--39 years age group and the 40 years and above group (*p* \< 0.01) ([Tables 1](#T0001) and [2](#T0002)).

Distribution of PV antibody levels by location {#S0002-S2003}
----------------------------------------------

The subjects were divided into four groups geographically: the Pearl River Delta, east Guangdong, west Guangdong and north Guangdong. The positive NA rates for PV1, PV2 and PV3 in west Guangdong were lower than those of the other three regions (*p* \< 0.01). NA GMT for PV1 and PV2 for west Guangdong were lower than those of the other three regions (*p* \< 0. 05). NA GMT for PV3 for west Guangdong were lower than those of Pearl River Delta and north Guangdong (p \<0.05, p \<0.01) ([Tables 1](#T0001) and [2](#T0002)).

Distribution of PV antibody levels by gender {#S0002-S2004}
--------------------------------------------

There was no statistically significant difference in NA positive rates between genders, however, the NA GMT for PV1 and PV2 of males were higher than for females (*p* \< 0.01) ([Tables 1](#T0001) and [2](#T0002)).

Discussion {#S0003}
==========

In our study, overall seropositivity for PV1, PV2 and PV3 were 95.2%, 94.9% and 88.7%, and the respective GMT are 82.9, 55.8, 26.3. We compared the results with that of a previous study conducted in Guangdong in 2010,^[12](#CIT0012)^ finding similar general conclusions suggesting a sustained high seroprevalence and GMT in Guangdong.

The highest seropositivity and GMT were observed in the 1--9 years age group. This is likely attributable to the EPI, in which children receive a 3-dose primary vaccination series across 2, 3 and 4 months of age. It has been reported that the seropositivity and GMT of newborn infants and 2 month old infants were much lower than those of the pregnant women.^[13](#CIT0013),[14](#CIT0014)^ In our study, a proportion of subjects aged below 1 years were not immunized or were tested not long after vaccination, which may explain the relatively lower seropositivity and GMT in this group. For the older subjects (10 years and above), seropositivity and GMT are lower than those of the 1--9 years age group, indicating immunity to PV wanes with time, which has been reported by other studies.^[15](#CIT0015),[16](#CIT0016)^ While seroconversion is a reliable correlate of immunity against paralytic disease, there is no evidence that loss of detectable antibody puts immunocompetent individuals at risk of paralytic disease.^[1](#CIT0001)^

Our findings show that seroprevalence and GMT of PV3 was lower than PV1 and PV2. This phenomenon is also reported by other studies.^[17](#CIT0017)^ Researchers speculate that this may be attributed to lower immunogenicity of PV3 compared to PV1and PV2.^[18](#CIT0018)^ Our findings further confirm this. In our study, for subjects \<2months old seropositivity of PV1, PV2 and PV3 were 91.9%, 91.9%, 68.7%; for subjects 2--3 months old they were 80.4%, 74.5%, 52.9% and for subjects 4--11 months old they were 95.8%, 96.1%, 90.6% ([Fig. 1](#F0001)). PV3 seropositivity and GMT of new-born babies were quite low and this low level was sustained until 4 months old, when babies are often immunized with 2 doses of polio vaccine. But PV3 NA seropositivity and GMT decreased rapidly with increasing age, and dropped to 85% and 16.8 in GMT in the 10--39 years age group, which can also be observed in surveys done in Henan, Jiangsu ect.al.^[19](#CIT0019),[20](#CIT0020)^ As PV GMT of neonates are correlated with that of their mothers,^[12](#CIT0012)^ low seropositivity in fertile women lead to low seropositivity in neonates. Therefore, we conclude that low seroprevalence of PV3 in population is not only from the low immunogenicity of PV3, but also attributable to the low sustainability of PV3. 10.1080/21645515.2018.1487911-F0001Figure 1.Seropositivity and GMT of polio NA in subjects \< 1 year old.

As to the regional divergence differences in of polio NA seropositivity and GMT, our study shows that individuals in west Guangdong are at a relatively higher risk of WPV or VDPV, indicating vigilance remains essential in this area. For example, supplementary immunization campaigns and improvement of routine immunization and AFP surveillance may be needed most in this region of Guangdong.

External validity of our research is good as samples are taken from all province\'s 21 cities, with proportionate age groups sampled and a sufficient sample size to detect a statistically significant change. For the large sample size and balanced distribution, the results of the study can not only represent the polio immunity level of the whole province, but also reflects that of each city. Though samples were analyzed in provincial or prefecture laboratories, the results have high reliability because NA detection methods used are internationally accepted as "gold standard". Further, staff were trained uniformly and reagent was sourced through a unified procurement batch.

Our study has some additional limitations. The sample population investigated in our study were from hospital outpatients, therefore the results may not be truly representative of the general population. Notwithstanding, we consider this bias will not be large because there have been no wild polio cases since 1994 in Guangdong Province and the polio immunity level mostly relates to vaccination and there is no significant differences in vaccination rates between outpatients and the general population.

Overall, the results of this study showed that the population of Guangdong province had a high polio immunity level implying a stable basis for a polio vaccine switch.

Methods {#S0004}
=======

Study Design {#S0004-S2001}
------------

### Specimen collection and laboratory testing {#S0004-S2001-S3001}

In 2014, we conducted a serologic survey in all 21 prefectures throughout Guangdong province. We used multi-stage random sampling. Three county/districts in each prefecture were randomly selected and a general hospital and 2 township hospitals/community health service centers were randomly selected from each county/district. Patients who were admitted to selected health facilities for a blood draw were invited to participate. Individuals were excluded if they had a known immunodeficiency or had been treated with immunosuppressant drugs during the previous 12 months. On enrolment, personal information (sex, age and region) was collected, but the immunization history was unavailable. The main purpose of this study was to estimate the seroprevalence rate of Polio NA. Sample size was calculated based on Formula 1. According to a previous serosurvey of polio in 2010 in Guangdong of China,^[12](#CIT0012)^ PV3 had the lowest positive rate (90%) among all 3 types and hence 90% was used as the estimated seroprevalence rate *p. δ* was the permissible error (0.8%) and α was the significant level (5%).$$n = {(\frac{\mu_{\alpha/2}}{\delta})}^{2}p(1 - p)$$

From the formulation, we calculated the minimum sample size is 5403. To account for withdrawal or missing data (13%), the total sample size was finally set to 6300. An 2ml blood sample was collected from each subject by venipuncture and kept in a sterile serum tube. Samples were immediately placed in an ice box and transported to the local laboratory. After centrifugation of blood, the serum was separated and then stored at −20°C. 11 of the prefecture have laboratories capable of doing the testing and the remaining samples were transported to a polio laboratory at the Guangdong provincial Center for Disease Control and Prevention (GDCDC) for testing. Besides, a common internal standard that is used for quantifying the result in each laboratory. All reagents were purchased by the provincial polio laboratory and then distributed. Neutralization antibodies (NA) against P1, P2, and P3 were determined by a standard microneutralization assay (MNA) in accordance with WHO guidelines.^[21](#CIT0021)^ In brief, before testing each serum sample was inactivated at 56°C for 30 minutes, and then diluted from 1:4 to 1:1,024 in two-fold serial dilutions. Each sample was incubated in duplicate wells for 3 hours at 36°C with 100 50% tissue culture infective doses (TCID50) of poliovirus antigen. After incubation for 7 days, the highest dilution of serum that protected 50% of the cultures was recorded. Serum with a titer of more than 1:4 was considered positive. Cell controls and a reference serum were included in each test to examine reproducibility of results.

### Ethical approval and informed consent {#S0004-S2001-S3002}

Approval to conduct this study was granted by the relevant departments of GDCDC. All information was collected after the permission of the participants. Verbal informed consent was sought from each participant. Investigators explained to participants that their information would be only used to estimate the seroprevalence of polio NA.

### Data Analysis {#S0004-S2001-S3003}

Statistical tests were performed using SPSS 19.0 software. Seropositivity rates and geometric mean titer (GMT) of antibody was calculated for each group. Chi-square test was used to determine the association among demographic characteristics (sex, age, and region) and seropositivity. GMT was logarithmically transformed and analysis of variance was done to compare the difference among groups with different demographic characteristics. The Bonferroni test was used to compare the difference between each group. Differences were regarded significant with *p* \< 0.05.
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###### 

NA positive rates for different ages, regions and genders.

  ----------------- ----------------------- ----------------------- ------ --------- ----------------------- ------ --------- ----------------------- ------ ---------
  　                                        PV1                     PV2    PV3                                                                               
                    No. of tested samples   No. of tested samples   \%     p value   No. of tested samples   \%     p value   No. of tested samples   \%     p value
  total             6394                    6093                    95.2             6075                    94.9             5677                    88.7    
  age group (yrs)                                                                                                                                             
   0∼               491                     459                     93.5   \<0.01    457                     93.1   0         405                     82.5   \<0.01
   1∼9              2840                    2762                    97.3             2761                    97.2             2646                    93.2    
   10∼39            2342                    2182                    93.2             2182                    93.2             1990                    85      
   40∼              721                     687                     95               672                     92.9             633                     87.6    
  Region                                                                                                                                                      
   P                2801                    2682                    95.7   0.03      2667                    95.1   0         2491                    88.9   \<0.01
   E                1191                    1140                    95.7             1136                    95.4             1037                    87.1    
   W                901                     841                     93.2             834                     92.5             769                     85.3    
   N                1501                    1430                    95.1             1438                    95.7             1380                    91.8    
  gender                                                                                                                                                      
   male             3392                    3244                    95.6   0.10      3232                    95.3   0.21      3011                    88.8   0.87
   female           3002                    2844                    94.7             2839                    94.6             2661                    88.6    
  ----------------- ----------------------- ----------------------- ------ --------- ----------------------- ------ --------- ----------------------- ------ ---------

3 subjects missed age and 5 missed gender.

P: Pearl delta region; E: East Guangdong; W: West Guangdong;N: North Guangdong.
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###### 

NA GMT for different ages, regions and genders.

  ----------------- --------------- --------- -------------- --------- ------------- ---------
  　                PV1             PV2       PV3                                    
  　                GMT             P value   GMT            p value   GMT           p value
  total             82.9                      55.8                     26.3           
                    (79.3-86.6)               (53.6-58.2)              (25.2-27.3)    
  age group (yrs)                                                                     
   0∼               161.1           \<0.01    98.7           \<0.01    38.4          \<0.01
                    (133.6-194.3)             (82.9-117.6)             (32.2-45.8)    
   1∼9              143.3                     90.4                     38.7           
                    (134.9-152.3)             (85.5-95.6)              (36.6-41.0)    
   10∼39            45.4                      32.5                     16.8           
                    (42.5-48.5)               (30.6-34.6)              (15.8-17.8)    
   40∼              42.8                      32.7                     18.7           
                    (38.0-48.2)               (29.1-36.7)              (16.7-20.9)    
  region                                                                              
   P                86              \<0.01    52.5           \<0.01    26.4          \<0.01
                    (80.6-91.8)               (49.4-55.8)              (24.8-28.1)    
   E                90.2                      58.8                     25.8           
                    (81.4-99.9)               (53.4-64.7)              (23.5-28.3)    
   W                65                        48.1                     22.2           
                    (57.5-73.2)               (43.2-53.5)              (20.0-24.6)    
   N                83.3                      65.5                     29.1           
                    (76.1-91.2)               (60.3-71.2)              (26.9-31.5)    
  gender                                                                              
   male             90.5            \<0.01    59.6           \<0.01    27.1          0.08
                    (85.2-96.0)               (56.4-63.0)              (25.7-28.7)    
   female           75.1                      51.8                     25.3           
  　                (70.4-80.0)               (48.8-55.0)              (23.9-26.8)    
  ----------------- --------------- --------- -------------- --------- ------------- ---------

P: Pearl delta region; E: East Guangdong; W: West Guangdong;N: North Guangdong.
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